S
epsis is an infection-initiated, inflammation-induced syndrome. It is considered severe when associated with acute organ dysfunction (1, 2) . Severe sepsis has become a leading cause of morbidity and mortality in critical illness and a major public health burden throughout the world (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) . Accurate data on severe sepsis would be helpful to advance the mission of practicing intensive care unit (ICU) physicians and scientific researchers, to understand the epidemiology of sepsis, and to evaluate the efficiency of therapeutic trials in severe sepsis. Meanwhile, it would be invaluable for establishing healthcare policy and for determining healthcare resource allocation. In recent years, several multicenter studies have presented the epidemiologic data regarding prevalence, mortality, associated risk factors, and even costs of severe sepsis in many other countries (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) . Most studies have reported an occurrence rate of severe sepsis ranging between 6% and 14% among critical care admissions, with a hospital mortality rate from 27% to 59% (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) . Angus et al. (3) estimated that 751,000 cases of severe sepsis occurred annually in the United States, with a hospital mortality rate of 34.1% and an average cost per case of $22,100. More recently, a large European study, Sepsis Occurrence in Acutely Ill Patients (SOAP), reported that severe sepsis accounted for 30% of critical care admissions and was associated with an ICU mortality rate of 32.2%, with a considerable variation in the frequency of sepsis and the mortality rates among European countries (4) .
China is the most populous country in the world, but epidemiology of severe sepsis within this country is still not well understood, which might be partly due to the lack of a nationwide database of healthcare information. Up to now, there have been only a few studies confined to either a single center or single district (18, 19) . The present study was conducted as a multicenter, nationwide, epidemiologic survey of severe sepsis in surgical ICU patients. The objective of this study was to determine the occurrence rate and outcomes of severe sepsis in surgical ICU patients in multiple medical centers located in different provinces of China; to characterize differences in demographics, chronic comorbidity, infection, and illness severity and to determine the relationship of these differences with patient outcomes; and to assess the cost and workload of severe sepsis in China.
MATERIALS AND METHODS
The present study was conducted in surgical ICUs of ten university hospitals in six major provinces, which covered 27.98% of the population of China, from December 1, 2004 , to November 30, 2005 . Each participating hospital is one of the largest comprehensive university hospitals either regionally or nationally, with Ͼ800 beds (participating centers are listed at Table 1 ). These centers were selected for their geographic representation, good data management, and consensus on the definition and management of severe sepsis. The study protocol was reviewed by the ethical committees at each participating center. Informed consent was waived by the ethical committees of these centers because the nature of this observational study.
Study Population. All adult patients (age of Ն18 yrs) admitted to surgical ICUs in the participating centers during the observational period were included, whereas those who stayed in the ICU for Ͻ24 hrs for routine postoperative surveillance were excluded. Those who were readmitted and had been included at their first admission were not included for a second time. The flow diagram of this study is shown in Figure 1 .
Definitions. Infection was defined as the presence of a pathogenic microorganism in a sterile milieu (such as blood, abscess fluid, cerebrospinal fluid, or ascitic fluid) or as clinically suspected infection, plus the administration of antibiotics (1, 2) . Sepsis was defined according to the American College of Chest Physicians/Society of Critical Care Medicine Consensus Conference definitions by infection plus two systemic inflammatory response syndrome criteria (1, 2) . Severe sepsis was defined by sepsis plus sepsis-induced acute organ dysfunction (at least occurred in one organ) (1, 2) . Acute organ dysfunction was defined as a Sequential Organ Failure Assessment (SOFA) score of Ն2 for the organ in question (20, 21) . The causal relationship between sepsis and organ dysfunction was confirmed based on medical recording and communication between the investigators and related ICU physicians. ICU-acquired infection was defined as infection identified Ն48 hrs after ICU admission. Criteria for invasive fungal infection and fungemia are listed in Appendix 1 (22) . Antibiotic consociation application was defined as the daily administration of more than one kind of the following antibiotics: penicillins, cephalosporins, carbapenem, macrolides, glycopeptides, aminoglycosides, quinolones, sulfonamides, and other antibiotics.
Case Identification and Data Collection. Case identification and data collection were conducted by four dedicated investigators, who are residents of anesthesiology and intensive care medicine. All had received Ն1 yr of clinical training in critical care medicine and had previous research experience.
Paper medical records of each enrolled patient were reviewed. A daily evaluation based on laboratory findings and overall clinical presentation was performed at ICU admission and every 24 hrs thereafter to screen for severe sepsis. Severe sepsis was identified based only on the objective information from medical records and a good communication between investigators and related ICU physicians. Once cases meeting the criteria for severe sepsis were identified by one of the investigators, further certification was performed by a dedicated intensive care specialist in each participating center. Any queries were solved by an immediate review of the medical record.
For patients developing severe sepsis at ICU admission or during their ICU stay, the following data were collected using preprinted case report forms: age, sex, primary diagnosis, chronic comorbidities, clinical and laboratory data for admission Acute Physiology and Chronic Health Evaluation (APACHE) II (23) and SOFA score, clinical and laboratory data for maximum SOFA score, microbiological and clinical infectious information, occurrence of ICU-acquired infection, antibiotics administered, hospital length of stay (LOS), ICU LOS, clinical data for Therapeutic Intervention Scoring System-28 (TISS-28) scores (24) , hospital costs, and outcome. For patients who had not developed severe sepsis at ICU admission or during the ICU stay, only age, sex, primary diagnosis, chronic comorbidities, a Intestinal or gastric perforation includes the iatrogenic intestinal fistula after operation; b nosocomial pneumonia here refers to the hospital-acquired severe pneumonia in surgical patients; c SOFA scores presented correspond to the maximum SOFA registered; d acute organ dysfunction systems here were recorded when the maximum SOFA scores were assessed.
ICU LOS, and outcome were recorded. If a patient had more than one episode that met the criteria, only the data from the first episode were included in the study. The chronic comorbidity system in this study was constructed by selecting International Classification of Diseases, Ninth Revision, Clinical Modification codes suggestive of chronic disease within separate organ systems. According to this system, chronic comorbidities of enrolled patients were classified as cardiovascular, respiratory, renal, neurologic, gastrointestinal, hematologic/lymphatic, metabolic/endocrine disease, malignant neoplasm, and immune suppression conditions (Appendix 2). Admission APACHE II/SOFA referred to the score assessed in the first 24 hrs after ICU admission, whereas maximum SOFA referred to the highest score during the ICU stay. Costs here were exactly the patients' expenditures on medical care in the hospital, and any indirect costs were not calculated. The information of costs was abstracted from the financial network system of each center. Workload on severe sepsis presented in this study was assessed by TISS-28 (24) . One TISS point equals 10.6 mins of each 8-hr nurse shift. All recorded data were screened in details by medical personnel for any missing information, logical errors, or insufficient details.
Data were entered into an Access-based database (Microsoft, Redmond, WA). At each center, data from a random sample of 5% of cases were abstracted twice by a dedicated ICU specialist. These data were reentered into the database, and a consistency of 99.8% per variable and 97.8% per patient was observed. In cases of inconsistency, data were verified and corrected via connection with the participating centers by E-mail or telephone. In the 183 randomly chosen patients, only one case with severe sepsis had been classified as a nonsevere sepsis patient by our investigators, indicating an misclassification rate of Ͻ1.0% in this study.
Statistical Analyses. Data are shown as median and interquartile range (IQR; 25th to 75th percentiles) or percentages, except for cost, which is presented as mean Ϯ SD. The occurrence rate was calculated as patients with severe sepsis divided by adult ICU admissions other than postoperative patients with durations of Ͻ24 hrs in surgical ICUs. The prevalence or mortality between the different groups was compared using chi-square test. Mean costs between groups were compared by Student's t-test. Differences in median LOS and scores were tested using the Mann-Whitney test. These were two-sided tests, and statistical significance was accepted at p Ͻ .05.
A multivariate nonconditional logistic regression analysis was conducted in patients with severe sepsis, with hospital mortality as the dependent factor. Variables considered for the multivariate modeling included age, sex, chronic comorbidity, characteristics of infection (type and source), and admission Acute Physiology Score (derived from admission APACHE II score) (23) at ICU admission and, separately, admission SOFA score for respiratory, cardiovascular, liver, renal, coagulation, and central nervous systems. Forward elimination, which employed a combination of the procedures used in the forward entry and backward removal methods, was adopted in the analysis. The effect on the hospital mortality of severe sepsis was considered statistically significant if the regression coefficient associated with the hospital mortality had a p Ͻ .05. For all analyses, SPSS 13.0 for Windows (SPSS, Chicago, IL) was used. Table 2 .
RESULTS

Occurrence Rates and
Major Diagnoses and Chronic Comorbidities. In patients with severe sepsis, severe acute pancreatitis was the most frequent primary cause of ICU admission, followed by gastrointestinal perforation or intestinal fistula after abdominal operation and trauma. Chronic comorbidities were present in 200 cases (62.9%). The most frequent chronic comorbidities were cardiovascular diseases (30.8%). In addition, a total of 97 transplant patients were included in this study, 16 of whom developed severe sepsis. None of the enrolled patients had HIV/AIDS. Details are provided in Table 3 .
Patterns of Infections. Microorganisms were isolated from 228 patients (71.7%), and mixed infections were ob- e multisite infection refers to infections present in more than one site per patient. In all patients the microorganism was considered once per patient even if present in more than one site. served in 139 patients (43.7%). Gramnegative bacteria were the most frequent pathogens and were identified in 171 patients (53.8%). Invasive fungal infections were identified in 90 cases (28.3%), including 20 patients (6.3%) with fungemia. The most common isolated microbes were Acinetobacter baumannii and Candida albicans, whereas the most fatal species were Aspergillus and Candida tropicalis. Hospital mortality was comparable between severe sepsis with and without microbiological confirmations (50.9% vs. 43.3%, p ϭ .225).
The majority of infections were found in the abdomen (72.3%), and more than half of the cases (59.1%) had infections in multiple sites. Cases with positive blood cultures had the highest mortality. The details of infections are shown in Table 4 .
Severity, Organ Dysfunction, and Mortality. Of the total 318 patients with severe sepsis, 142 (44.7%) died within 28 days of ICU admission, and another 4.0% died thereafter in the hospital. There was no significant difference in hospital mortality between men and women (51.5% vs. 43.8%, respectively; p ϭ .198). Outcomes according to microorganisms and sites of infection are shown in Table 4 .
The median admission APACHE II and SOFA scores for patients with severe sepsis were 19 (14 -25) and 8 (6 -12), respectively, whereas median maximum SOFA score was 9 (6 -13). Relationships between admission APACHE II/maximum SOFA scores and hospital mortality are shown in Figure 2 .
According to the study criteria, 48 patients (15.1%) were identified with only one dysfunctioning organ, 71 (22.3%) were identified with two, and 199 (62.6%) were identified with three or more during their ICU stay according to their maximum SOFA scores (Table 3 ). The lung was the most frequent organ failure observed in patients with severe sepsis (occurred in 91.2% patients). However, cardiovascular and renal dysfunction contributed to higher mortality rates ( Table 3) .
Predictors of Mortality. Variables retained in the final model of the multivariate logistic regression, and hence associated with increased mortality in severe sepsis patients, included age, comorbidity of malignant neoplasm, Gram-positive bacteria infection, invasive fungal infection, admission Acute Physiology Score, and admission SOFA scores of respiratory system and cardiovascular system dysfunction (Table 5) .
Antibiotic Consociation. In this study, antibiotic consociation applications were observed in 214 patients (67.3%) with a duration of Ͼ3 days, including 121 patients (38.1%) with a duration of Ͼ7 days. Broad-spectrum antibiotics were widely used in patients with severe sepsis. The most commonly administered antibiotics were imipenem-cilastatin (Tienam The mean hospital cost per case was $11,390 Ϯ $11,455, and mean cost per case per hospital day was $502 Ϯ $401. The mean daily cost for nonsurvivors was much higher than that for the survivors ($812 Ϯ $431 vs. $301 Ϯ $155, p Ͻ .001). However, the overall hospital costs between nonsurvivors and survivors were comparable ($11,102 Ϯ $11,907 vs. $9,862 Ϯ $10,772, p ϭ .264).
DISCUSSION
The present study documented an 8.68% occurrence rate of severe sepsis in surgical ICUs in China, with a hospital mortality rate of 48.7%. There was a higher occurrence rate of severe sepsis in men than in women. Abdomen and lung were the most common sites of infection, and Gram-negative bacteria were predominant among all isolated microbes. In patients with severe sepsis, the lung was the organ affected most often, and cardiovascular and renal dysfunction contributed to higher mortality rate. Comorbidity of malignant neoplasm, admission Acute Physiology Score, invasive fungal infection, Gram-positive bacterial infection, age, and SOFA scores for cardiovascular system and respiratory system were risk factors for hospital mortality in patients with severe sepsis. To our knowledge, this study is the first nationwide multicenter investigation of epidemiology and outcome of severe sepsis in critically ill patients in China.
Concordant to previous studies, severe sepsis was a common syndrome in the ICU and associated with a high mortality rate in China (Table 6 ). Severe sepsis accounted for 8.68% of admissions to the ICUs in this study, which is similar to the 6 -14% range reported by most previous epidemiologic studies (3, (5) (6) (7) (8) 15) . However, it is significantly different from that reported by Padkin et al. (12) in the United Kingdom (27.1%) and the SOAP study in European countries (30%) (4). The relatively lower occurrence rate in this study may be explained by the strict approach to capture patients with severe sepsis, the characteristics of patient population, the diverse allocation of resources, and the heterogeneous access to health services. In the present study, strict criteria were used to diagnose severe sepsis, which suggests a clear causal relationship between sepsis and acute organ dysfunction, whereas some of the previous studies did not specifically determine this issue (3, 4, 7, 9, (11) (12) (13) (15) (16) . Also, patients admitted for routine surveillance after scheduled surgery with ICU LOS of Ͼ24 hrs in the enrolled patients contributed to the underevaluation of prevalence. Meanwhile, fewer patients with immunocompromised admissions, such as AIDS (0 cases in 3,665 patients) and organ transplantation (97 cases in 3,665 patients), which predisposes to severe sepsis, were included. In addition, although ICU resource was shown to be relatively adequate in this study, for more access to intensive care for less sick patients (for example, routine postoperative patients), the incidence of severe sepsis may be potentially underestimated due to the specific routines of the healthy insurance system in China. The analysis of microbiological characteristics of severe sepsis in this study showed that Gram-negative bacteria were the most common pathogens in severe sepsis, which was quite different from the report that Gram-positive bacteria were predominant in previous studies (3, (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) 25) . Furthermore, fungi, which have been considered to be caused by extensive use of extended-spectrum antibiotics, were frequently isolated in cases of severe sepsis in this study, with 28.3% of the severe sepsis patients having invasive fungal infection. However, microbiological patterns in this study were consistent with some of the previous studies. Tanriover et al. (26) reported that Gramnegative bacteria were the predominant microbes, isolated in 65.9% of sepsis patients in a tertiary care hospital in Turkey. Liu et al. (27) reported that invasive fungal infection was found in 11.6% of ICU admissions in a Chinese university hospital between January 1997 and September 2000 in a retrospective investigation. The SOAP study reported that fungal infection was identified in 17% of ICU admissions with sepsis in multiple European countries (4). The reasons for the changes in the microbiological patterns of severe sepsis in this study are unknown. However, it is probably a result of complex interactions involving patients' underlying conditions, the characteristics of the patient population, the extensive use of extended-spectrum antibiotics, less attention to sanitary precautions, the invasive interventions, and the quality of care provided. The results of this study may directly influence empirical antimicrobial therapy and draw attention to sanitary precautions, such as handwashing in the ICU. In addition, a high isolation rate of A. baumannii was found in this study. It is considered to correlate with the high rate of ICU-acquired infection in patients with severe sepsis, as A. baumannii has been reported to be the most common source of nosocomial infections in Chinese ICUs (28, 29) .
Factors related to an increased mortality in severe sepsis in the present study were consistent with the previous reports (3-5, 7-9, 11-12, 15-17, 30) . Higher admission SOFA score of either cardiovascular or respiratory system correlated with increased hospital mortality rate in patients with severe sepsis (Fig. 3) . The respiratory dysfunction score may be more noteworthy in the initial stage of severe sepsis because deterioration of lung function occurs earlier and more frequently, whereas the cardiovascular dysfunction score may be more pivotal in predicting the fatal outcome of sepsis. Furthermore, increased mortality caused by invasive fungal infection may suggest that physicians should be more cautious in treating severe sepsis with extendedspectrum antibiotics, as overuse of antibiotics may add risk.
Long ICU LOS and high TISS scores in this study reflected the fact that severe sepsis consumes large ICU resources in China and mean hospital cost for each patient with severe sepsis was ¥ 83,120, which equals to $10,390. Although it seems to be only half of that reported in the United States (3), according to the theory of purchasing power parity (PPP), it is a heavy burden for patients and the public health in China.
The potential limitation of this study relates to the use of a relatively small sample to define the characteristics of severe sepsis in the most populous country of the world. Unfortunately, no national hospital database of sepsis, such as in the United States and European countries, can be accessed on the Internet in China (3, 7-9, 11-13, 15-17) . This led to a huge investment of time and money in this study and restrained our team from extending this study to more medical centers and a larger geographical scale. However, the ten participating medical centers in this study are representative of the overall population, for they are located in six provinces that cover almost one third of the nation's population and are large university hospitals, either regionally or nationally (Appendix 3). Moreover, variation in availability of ICU resources and variation in practice patterns in end-of-life care may affect the treatment rate of sepsis. In China, almost all patients with from severe sepsis would be treated in the hospital. However, limited by personnel and financial resources, severe sepsis outside the ICU was not investigated in this study, which disenabled the estimation of the treated rate of severe sepsis (31) .
In conclusion, the present study shows severe sepsis is a common, frequently fatal, and expensive condition in ICUs in China. Gram-negative bacteria are the most frequent isolated pathogens in critically ill surgical patients, and invasive fungal infections are identified to be common in these patients. Comorbidity of malignant neoplasm, invasive fungal infection, Gram-positive bacteria infection, Acute Physiology Score at ICU admission, age, and dysfunction of respiratory and cardiovascular systems are the major risk factors contributing to fatal outcome. To establish a national data-handling process for sepsis would be helpful to fulfill longitudinal, large-scale national or international studies in sepsis, to allocate health resource, to improve the outcome of sepsis, to optimize healthcare quality, and to evaluate the effectiveness and efficiency of ICU utilization and care strategies. Medicine, Zhejiang University, and Qixing Chen, Institution of Organ Transplantation, First Affiliated Hospital, School of Medicine, Zhejiang University, for assistance with manuscript preparation.
